ABSTRACT: Cero, Scomberomorus reg a/is, were collected off south Florida during 1980·81 to deter· mine their reproductive biology. Spawning of cero occurs in coastal waters throughout most of the year with a peak in May. Males attain maturity at about 350 mm FL and females at about 380 mm FL. Fecundity estimates from 20 late maturing or ripe females ranged from 161,000 ova for a 380 mm fish weighing 558 g to 2,234,000 ova for a 800 mm fish weighing 4,944 g. Total weight better indicated fecundity than did fork length. The relationship between fecundity and total weight was expressed by the least square equation F = -1.079 x 10-1 + (4.342 x 10-4 ) TW. The mean number of ova per gram of fish weight was 362.
Cero, Scomberomorus rega/is, is probably the least abundant of the mackerel species occurring in United States waters and is primarily caught off south Florida. Jordan and Evermann (1896) give the range of cero as Cape Cod to Brazil including the Gulf of Mexico, but in Florida this species is generally not abundant north of Dade County. Cero is the most frequently encountered mackerel species. in the Bahamas (Bohlke and Chaplin, 1968) . It is com· monly caught in the coastal waters of the West Indies (Collette, 1978) , and supports a commercial fishery around Cuba (Howeii-Rivero, 1953) , the Dominican Republic, Venezuela, and Jamaica (Cooper, 1982) . Landing information is not available from American or Caribbean waters, since it is not separated from the landings of king mackerel, S. caval/a, and Spanish mackerel, S. maculatus. Biological information on cero is limited to general life history and distribution studies (Cervigon, 1966) . We report spawning, size and age at ma· turity, and fecundity for the first time for cero from Florida waters.
METHODS
Cero were sampled in 1980-81 from the recreational hook and line fishery in the Key West area of south Florida. The samples consisted of 247 females and 387 males. All specimens were sexed and measured to the nearest millimeter (mm) in fork length (FL) and to the nearest gram (g) in total weight (TW). Gonads and viscera were removed from each fish, placed in cheesecloth bags, labeled, and then preserved in 10% Formalin. Gonads were later separated from the viscera, trimmed of non-gonadal tissue, blotted dry, and weighed to the closest 0.1 g. Otoliths (sagittae) were removed from specimens selected for fecundity analysis, wiped clean, and stored dry in vials. The otoliths were read for age marks using techniques developed by Johnson eta/. (1983) .
Three methods were used to determine the maturation cycle of cero. The first method determined the developmental stages of gonads by gross examina-tion following the criteria of Manooch (1976) . Gonads were classified as Stage IS (infantile), Stage I (immature), Stage II (early maturing), Stage Ill (late maturing), Stage IV (ripe), and Stage V (spent). This technique was useful primarily for males, although it provided some comparative maturation data for females. The second method determined a gonadosomatic index (GSI) which was computed for each fish by dividing the gonad weight by the total weight of the fish and multiplying by 100. The GSis gave a seasonal maturation pattern from which the range, mean, and 95% confidence interval of the mean were computed. The third method determined the developmental stages of the ova by microscopic exam'ination. For this method, a sample was removed from the midpoint of each ovary. This section was teased apart, to separate the ova of the various stages, and examined under a microscope at 500x for ovum sizes and development. Measurements or descriptions from macroscopic and microscopic methods are shown in Table 1 . The microscopic examination was considered the most valuable indicator of female maturity, since this method provided data on ovum stages within the ovary.
Two methods were used to estimate length at maturity for cero. First, all mature fish were grouped by 25 mm (FL) intervals and then the percentages of fish with gonads classified higher than Stage I for each size interval were computed. The size group that first contained 50% or more mature fish was the size at which maturity was estimated to have been attained. Second, cero were grouped by 20 mm (FL) intervals and their mean GSis were determined. The smaller size group was used because of less GSI variability among the selected fish. The greatest percentage increase in mean GSis between consecutive size groups was the criterion used for determining size at maturity (Grimes, 1976) .
Estimates of fecundity were made with either late maturing or ripe ovaries (Stages Ill or IV) collected during the months when the fish were reproductively active. Those fish that appeared to be partially spent were not used for this study. Samples were selected randomly from the anterior, middle, and posterior part of one ovarian lobe. A wedge-shaped section containing a portion of the outer, middle, and inner area of the ovary was weighed to the nearest 0.01 g. All yolked ova 0.2 mm or greater in diameter were teased apart and counted under a dissecting microscope. Fecundity was estimated for each fish using the formula F = ~ x C where F = fecundity of the B fish, A = weight of both ovaries, B = weight of sections, and C = total number of ova in the sections. Regression equations were calculated to determine the relation of fecundity to length and weight of cero and are based on standard Model-l regression techniques (Laws and Archie, 1981) . Our fecundity estimates represent all ova 0.2 mm or greater in diameter which we believe are released during the spawning season.
RESULTS
Cero appeared to have a prolonged spawning period that may extend throughout most of the year. Late maturing females (Stage Ill) were present from March through July and males from January through July (Figs. 1 and 2 ). Most spawning occurred in April and May for both the males and females, as the mean GSis peaked in May. Ripe males (Stage IV) were present in February and from April through July. Spent females occurred from January through May and again in September, November, and December, while spent males occurred from January through April and in December.
Most male cero greater than 350 mm were mature and all females greater than 375 mm were mature ( Table 2 ). The smallest mature male was 336 mm, and the smallest mature female was 370 mm. The largest immature female was 480 mm, and the largest immature male was 459 mm. The greatest percentage increase in mean GSis indicated that females mature at about 380 mm FL (Table 3) .
Fecundity estimates were made for 20 females ranging in size from 380 to 800 mm (Table 4) . Counts of ova ranged from about 161,000 to 2,234,000. Regression and correlation analyses showed that total weight was probably a better indication of fecundity than was fork length. The least squares equation for fork length versus fecundity was F = -!.607 + (4.089 X 10-3 )FL with r = 0.86, and for total weight versus fecundity, it was F = -1.079 x 10-1 + (4.342 X 10-4 ) TW with r = 0.92 (Fig. 3) . 
DISCUSSION
The end of the spawning season was not determined, since sampling from August through November was sparse (four fish). Based on the number of Stage IV fish, which increased in July, we
We were unable to determine the duration or frequency of spawning, but it may be similar to the spawning cycle of Atlantic coast Spanish mackerel where Earll (1883) reported that spawning may last 6 to 10 weeks in any one area. Cero appear to be multiple spawners, because at least three oocyte size groups (Stages II, Ill, and IV) are present in the ovaries during the spawning season. The spawning area for cero is still unknown. The presence of ripe fish in coastal waters suggests that spawning probably occurs over the inner continental shelf. Spawning of mackerel in the northwestern Gulf of Mexico as inferred from larval abundance, indicates that Spanish mackerel spawn over the inner continental shelf while king mackerel spawn over the middle and outer continental shelf (McEachran et al., 1980) . Some descriptions of ova of cera are available from laboratory rearing experiments by Mayo (1973) who stated that the ova ranged from 1.16 to 1.22 mm in diameter and were covered with large dense chromatophores. Ripe preserved ova from our fish measured about 1.30 mm and had a single oil globule about 0.35 mm in diameter. These ova are larger than Spanish or king mackerel ova.
Size at maturity for cero was greater than that for the Spanish mackerel observed by Klima (1959) . He reported the shortest female to be 25 em FL and the largest immature female to be 32 em. The shortest male was 28 em and the longest immature male was 39 em. Powell (1975) found Age I female Spanish mackerel to have ripe oocytes, which agrees with our estimated age of maturity for cera. He suggests that these fish do not contribute significantly to spawning because many of this age have regressing ovaries.
Of the three maturation methods used in this study we considered our microtechnique as the best indicator of sexual maturation. The GSI. values have been shown by DeVIaming eta/., (1982) to be more variable in determining when fish will spawn. They believe histological examination or the determination of oocyte diameters are the best means of assessing gonad maturation.
